Population genetics studies on fungi are crucial to our understanding of the dispersal process of such organisms causing emerging diseases in plants. Such studies can be extended by integrating tools from landscape genetics ( Archie et al., 2009 ) . These tools require a suffi cient number of neutral genetic markers and increasingly large genotyping capacities. For plant-pathogenic fungi, an important advantage is that DNA can be extracted directly from plant lesions, avoiding time-consuming isolation of the pathogen. However, this technique has seldom been used and needs to be combined with specifi c, easy-to-score markers to compensate for the possibly suboptimal amplifi cation conditions. The Ascomycete and haploid fungus Mycosphaerella fi jiensisthe causal agent of the black leaf streak disease of bananas -can be considered as a model in the fi eld of emerging plant diseases ( Halkett et al., 2010 ) . It has spread recently to almost all banana-producing regions worldwide and is considered among the most serious biological threats to food security. Population structure studies with microsatellite markers have been published at local scales ( Halkett et al., 2010 ) . However, most of the microsatellite loci previously published in M. fi jiensis ( Neu et al., 1999 ; Zapater et al., 2008 ; Yang and Zhong, 2008 ) have been adapted for specifi c genetic studies at local scales, limiting comparisons among localities at continental or global scales. Indeed, most such loci correspond to di-and trinucleotides or imperfect motifs, thus increasing errors in allele identifi cation when the number of alleles is high, as would be expected at large geographical scales. Moreover, their use is based on DNA extraction from strains isolated and cultivated on artifi cial medium. Consequently, to address both these issues, we have developed new microsatellite markers corresponding to tetranucleotide motifs identifi ed in the recently published genome sequence of M. fi jiensis . The use of these easier-to-score markers was combined with a low-cost DNA extraction protocol starting from young lesions collected on banana leaves.
METHODS AND RESULTS
The nuclear genome sequence of M. fi jiensis was released recently on the JGI (Joint Genome Institute, http://genome.jgi-psf.org/Mycfi 2/Mycfi 2.home. html); the sequence was analyzed for microsatellite content using the program MISA (MIcroSAtellite identifi cation tool, http://pgrc.ipk-gatersleben.de/misa). We selected 35 tetranucleotide loci scattered throughout the genome. A total of 35 primer pairs was designed with PRIMER3 software (http://frodo.wi.mit.edu/ primer3/, Rozen and Skaletsky, 2000 ) , with an optimum size of 20 nucleotides, an optimum melting temperature of 60.0 ! "! C and a minimum GC content of 50%. These primer pairs were fi rst tested on DNA from eight M. fi jiensis isolates from Asia, Africa, and America following the procedure described in Zapater et al. (2008) . About 20 loci giving rise to a single amplifi cation product were selected on 2% agarose gels.
The polymorphism of these sequences was further tested on a global DNA sample of 110 cloned isolates from 19 countries around the world (including Taiwan, China, Vietnam, Philippines, Indonesia, Malaysia, Papua New Guinea, 1 Manuscript received 6 August 2010; revision accepted 16 September 2010.
The authors thank Arnaud Estoup for helpful discussions and Helen Rothnie for her attentive reading and careful English-language checking. Data used in this work were produced through the molecular genetic analysis technical facilities of the IFR119 " Montpellier Environnement Biodiversite. " This work was supported by the r é gion Languedoc Roussillon, Bayer CropScience, the Agence Nationale de la Recherche et de la Technologie, and the Agence National de la Recherche, contract number ANR 07-BDIV-003 (Emerfundis project). ( Goudet, 1995 ;  ( Raymond and Rousset, 1995 ) , and we used the false discovery rate procedure in the QVALUE package ( Storey, 2002 ) to control for multiple testing. All markers can easily be included in multiplex panels in the coming studies. Since some markers appeared monomorphic in some areas, different sets of loci will have to be chosen for microsatellite multiplexing, depending on the geographic area studied. Simultaneously, we adapted the DNA extraction protocol starting from in vitro grown mycelium described in Halkett et al. (2010) for young lesions directly cut out from banana leaves. Individual lesions of stage 2 (see description in Jones, 2000 ) were cut and dried for 1 d at 55 ! "! C. In contrast with the protocol described in Halkett et al. (2010) , the extraction buffer was added in a two-step procedure allowing a better grinding of the lesions.
Costa Rica, Honduras, Panama, Colombia, Dominican Republic, Jamaica, Cuba, Cameroon, Ivory Coast, Nigeria, Uganda, and Comoros), and two populations of 40 isolates from Cameroon and Costa Rica. All the strains were isolated and conserved in the collection of CIRAD. Total DNA was extracted from cultivated mycelium in vitro as described in Halkett et al. (2010) . PCR was performed according to the following multiplex protocol (adapted from Zapater et al., 2008 ) : 15 min at 95 ! "! C, 45 cycles of 30 s at 94 ! "! C, 90 s at 57 ! "! C and 90 s at 72 ! "! C, and a 10-min fi nal step at 65 ! "! C. The 10-µ L reaction mixture included 3 µ L DNA (5 ng/ µ L), 5 µ L (2 ! #! ) QIAGEN Multiplex PCR Master Mix (Qiagen, Valencia, California, USA), 1 µ L (5 ! #! ) Q-solution and 0.5 µ L of each primer. Forward or reverse primers were labeled with one of the following fl uorescent dyes: NED, HEX, FAM, or PET (Applied Biosystems, Foster City, California, USA). Primers were tested in panels of four markers labeled with those different dyes. Diluted amplifi ed PCR products were mixed with GeneScan-500LIZ size marker (Applied Biosystems) and separated on a 16-capillary Sequencer (ABI Prism 3130XL, Applied Biosystems). They were sized and analyzed using GeneMapper Software (Applied Biosystems); 19 loci that were technically easy to analyze were retained ( Table 1 ) .
Tetranucleotide motif markers appear particularly easy to score because alleles were, as expected, separated by 4 bp and thus were easy to identify without ambiguity across samples.
The mean number of null alleles across loci ranged from 0.9% (1/110) to 6.4% (7/110) in the global sample and from 0 to 7.5% (3/40) in the two populations. Genetic diversity was estimated by the number of alleles observed (N a ) Dried lesions were fi rst ground in 200 µ l of 65 ! "! C extraction buffer (1.05 M NaCl, 75 mM Tris-HCl 1M pH 8.0, 15mM EDTA 0.5M pH 8.0) in 2 ml microcentrifuge tubes, then 100 µ l of 65 ! "! C cetyltrimethylammonium bromide (CTAB) buffer (3% CTAB, 1.5% sodium sulfi te) was added and the tubes were placed at 65 ! "! C for 60 min. The other steps of the extraction protocol described in Halkett et al. (2010) remained unchanged.
A selection of 11 new microsatellite markers polymorphic at the scale of Cameroon were successfully amplifi ed and analyzed from a sample of 60 DNA samples extracted from lesions originating from Cameroon. For each locus, the same allele sizes and a similar number of null alleles (range from 0 to 5% (3/60) across loci) were detected in comparison with the Cameroonian sample of cloned isolates. However, multiple allele patterns (generally with two alleles) for several loci were detected for 13.3% (8/60) of the DNA samples. Since M. fi jiensis is haploid, these patterns certainly came from the coalescence of lesions initiated by different spores. Such samples must be considered as missing data since multiloci genotypes could not be determined. However, this drawback could be minimized through selection of lesions suffi ciently isolated from each other on leaves, and the rapid, low-cost extraction method presented here will easily allow increased sample sizes to compensate for missing data.
CONCLUSIONS
The combination of the two technical developments presented in this note allows us to optimize our genotyping capacities in M. fi jiensis for analysis of large samples. The tetranucleotide microsatellites developed are technically easy to score from local to global geographic scales, and the possibility of using a common set of microsatellites at different locations opens up new prospects of analysis to understand the dispersal processes in M. fi jiensis . Similar procedures could be employed in other fungal pathogens of plants.
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